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The Nobel Prize in Physics 2012 was awarded jointly to Serge Haroche and
David J. Wineland "for ground-breaking experimental methods that enable
measuring and manipulation of individual quantum systems"
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Co3gaHue oTaenbHOWM KBAHTOBOW CUCTEMBI

VOHbI B NOBYLLKE POTOHbI B AYEenKe
CkaHupyeTcsi (poToOHaMM CkaHupyeTtca Pnabeprosckumm atomamu
lonin a trap Photon in a cavity

Q=4x 1010
T.=130 ms
2.5 MHz
n=51
51 GH
BE+ 251/‘2 F=1,ITIF=1 ‘
F=2,m,=2 d 1.25 GHz Rb, n=50
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Co3paHne oTAeNbHOM KBaHTOBOW CUCTEMbI: MOH B JTOBYLLKE

F=1,m.=1

F=2,m=2"

1.25 GHz

*Trapped ion: Paul & Dehmelt nonyuunm
HobeneBckyto npemuto no domnsuke B 1989
“for the development of the ion trap
technique”.

*Trapped atom: Cohen-Tannoud;ji
HobeneBckasa npemus no gumsuke B 1997
«for the development of methods to cool
and trap atoms with laser light».
JlazepHoe ([onnnepoBckoe oxnaxaeHue)
1975: Hansch and Schawlow
(HeuTpanbHblie aTtombl) n Wineland and
Dehmelt (noHbI). SkCcnepnmeHTanbHas
peanunsauma Ha Mg*n Ba* B 1978.
-[leTeKkTupoBaHue ocyLLlecTBnAeTCHd Yepes
nornoLleHne unu ncnyckaHme poToHoB.,
OBYX(POTOHHbIE Nepexoabl, NpsmMoe
HabnoaeHne CCD (change-coupled
device) kKamepon U KBaHTOBbLIE CKaYKW.
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Fig. 3: Principle for sideband
cooling (see text).
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Sideband cooling — oxnaxgeHue Ha BOKOBbIX YacToTax

cnonbaya nasepHoe U3ny4eHne MOXHO:
*[TpnBECTN BCIO CUCTEMY B COCTOSIHME C
MWUHUMAIbHbIM V.

-Co3agaTb xopoLo onpeaeneHHoe PokoBckoe
COCTOSIHME.

-Co3aaTb KOrepeHTHYH KOHTPONMPYEMYHO
cynepnoanunio PoKOBCKMX COCTOSHUN.

*Ecnn goBa noHa pasgenstoT ogHy
BUOpaLMOHHYIO MOAY, TO KBAHTOBOE COCTOSIHME
OOHOrO N3 HUX MOXET ObITb CKONMMPOBAHO HAa
OpOrov NOH.

*Co3gaHune CNOT.
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HabnogeHne KBaHTOBbIX CKa4yKoB

HobOeneBckasa npemus no counsmke 2012 ropa

VOLUME 57, NUMBER 14

PHYSICAL REVIEW LETTERS

6 OCTOBER 1986

Observation of Quantum Jumps in a Single Atom

J. C. Bergquist, Randall G. Hulet, Wayne M. Itano, and D. J. Wineland

Time and Frequency Division, National Bureau of Standards, Boulder, Colorado 80303
(Received 23 June 1986)
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FIG. 1. Simplified optical energy-level diagram for Hg

Fluorescence (counts/10 ms)
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Co3gaHne oTaenbHOW KBAHTOBOM CUCTEMBI: DOTOH B SiIYENKE

‘[MogaBneHne nanyyeHnd, korga pasmep
SYENKN NPUBNMKaeTcsa K ASIMHE BOSHbI
asargt;ﬁ:?ﬂ (1983) Kleppner; DeMartini; Photon in a cavity
*Pe3oHaHcHoe ycuneHue nanyvenusa (1983)
*Ma3sep Ha ognHoyHOM aTome Walther (1865)
*Ma3sep Ha aByx poToHax Haroche (1987)

- 10
Crnocob n3MepsaTh YNCIIo POTOHOB B AYEliKe, Q=4x10
He pa3pyLuas kBaHToBoe cocTosiHue (1990) T.=130 ms
Nb
2.7 cm
0.8 K

408, 61.41 GHz €& n=51
@)‘3’2 51 GHz

Rb, n=50

39S, ,,
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MwuKpoBoOSiHOBas A4yenka

i b N
= ﬁ - 2.7 cm

0.8 K
_,.. U Q=4-1010
!‘3 = 130 ms
B O 40 000 km
R
v=51 HGZz

icrowave field
erg atoms (see text).

Fig. 4: Experimental setup to study

states with the help of circular Ry 1=50 m=49 Rb 125 nm

CosfgaHune n getTekTupoBaHue ‘¢>(I =50) u ‘T>(I =51)

AnnonbHbIN MOMEHT aToOMa U3MEHAETCH N3-3a
AnHamunyeckoro adbdekra LWrtapka
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BVOnTNYeckne yachl

-OnTuyeckne 4Yacbl MOryT co3faBaTb ABa BUAa BbIXOQHOIO CUrHana:
[MocnepnoBaTenbHOCTb (rpebeHKy) MMMNyNbCOB C YacToTaMu OT BUAMMOIO A0
NH(ppaKpacHOro Anana3oHoOB Uy UMMYbCHLIM curHan npun 11Ty
d>a30BOKOrepeHTHbIN C ONTUYECKOW rpebeHKon.

‘OnTnyeckne Yyacol Ha noHe 199Hg+ nnn Ha nape noHos ’Al* (1S,;—3P, ~
267nm) & °Be*

‘Micnonb3yeTca meTo co3gaHus 4YacTOTHOW rpebeHKn, npearioXXeHHbIN
Hansch n Hall (Hobenesckasa npemuna 2005).

cnonb3yst oNTUYECKNA cTaHOapT YacToThl yAanoch N3MEepUThb:
-3amegneHne BpeMeHn Npu CKOPOCTU HECKOITbKO KMITOMETPOB B Yac
N3MeHeHNe rpaBUTaALIMOHHOIO NoTeHuMana Ha pacctosHum B 30 cm.
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OnTunyeckume yachl
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FIG. 1. Partial energy level diagram of '""’Hg" with the tran-
sitions of interest indicated. Fig. 2. Schematic of the self-referenced all-optical atomic clock. Solid lines represent optical beams,

and dashed lines represent electrical paths. Photodiodes are designated by PD. The femtosecond
laser, having repetition rate f, combined with the spectral broadening microstructure fiber
produces an octave-spanning comb of frequencies in the visible/near infrared, represented by the

array of vertical lines in the center of the figure. As shown above this comb, the low-frequency
portion of the comb is frequency-doubled and heterodyned against the high-frequency portion in
PD 1, yielding the offset frequency f, that is common to all modes of the comb. Additionally, an
‘ individual element of the comb is heterodyned with the optical standard laser oscillator (f,,, = 532

—>| | ; THz) that is locked to the clock transition frequency of a single "Hg" ion. When detected on PD

~2fs | 2, this yields the beat frequency f. Two phase-locked loops (PLL) control f, and f, with the result
that the spacing (f) of the frequency comb is phase-locked to the Hg" optical standard. Thus, f,
is the countable microwave output of the clock, which is readily detected by illuminating PD 3 with
the broadband spectrum from the frequency comb. See the text for further details.
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W/3mepeHre yncna OTOHOB B MUYKE

VOLUME 65, NUMBER 8 PHYSICAL REVIEW LETTERS 20 AUGUST 1990

Quantum Nondemolition Measurement of Small Photon Numbers
by Rydberg-Atom Phase-Sensitive Detection

M. Brune, S. Haroche, V. Lefevre, J. M. Raimond, and N. Zagury(a)

Département de Physique de I'Ecole Normale Supérieure, Laboratoire de Spectroscopie Hertzienne,
24 rue Lhomond, F-75231 Paris CEDEX 05, France
(Received 18 April 1990)
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FIG. 1. (a) QND setup for measuring the photon number N o =
in a cavity: The atomic beam B, prepared by lasers in Rydberg (c) (d)
level f, cr s successively the field zone R, the cavity, and
f 0sse .y ° : h y . FIG. 3. Evolution of photon-number distribution P,(N) in a
the zone R; l?efore detection by the IC counter. The variation simulation of the {at,u} measuring sequence. (a) Initial dis-
of the field intensity along the beam path in the cavity is tribution (n=0, coherent field with N =10); (b)-(d) P,(N)
. .. . . after n=3, 5, and 20 detected atoms, respectively (e=mr,
shown. (b) Diagram of lCVfﬂS & f’ ,and - _The cavity field, de ¢o=0.157). Note the different vertical axis scale in each part.
tuned by 6 from the e — i transition, shifts e by an amount The full horizontal scale in each part is from N =0 to 30. Col-

lapse into the V=13 Fock state is clearly observable.

proportional to N. The R|-R; fields induce an f— e transi-
tion.



